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(54) Light emitting device 

(57) A light emitting device, free from change of 
color even when the wavelength of a light emitting ele- 
ment shifts, includes a light emitting element (106) for 
emitting primary light having an intensity peak at a wave- 



length shorter than 400 nm; a silicone resin. (111) pro- 
vided to embed the light emitting element; and a fluo- 
rescent element (110) contained in the silicone resin to 
absorb the primary light and release visible light. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a light emitting device, 
in particular, combining a light emitting element like a 
semiconductor light emitting element and a wavelength 
converting means like a fluorescent element. 
[0002] Light emitting devices combining LEDs (light 
emitting diodes) or other semiconductor light emitting el- 
ements and fluorescent elements have been remarked 
as inexpensive, long-lived light emitting devices, and 
their development is being progressed. Light emitting 
devices of this type have the advantage of providing 
emission colors conventional semiconductor light emit- 
ting elements could not realize. 
[0003] Usually, semiconductor light emitting elements 
emit light upon re-combination of carriers injected into 
their active layers, and emission wavelengths are deter- 
mined by energy band gaps of the active layers. For ex- 
ample, monochromatic emission has been realized, 
such as red and yellow with semiconductor light emitting 
elements using InGaAlP compounds, and green and 
blue with those using InGaN compounds. 
[0004] However, to realize a certain mixed color by us- 
ing those conventional semiconductor light emitting el- 
ements, it has been necessary to combine some light 
emitting elements for different colors and control optical 
outputs of individual light emitting elements by adjusting 
their current values. Therefore, the device configuration 
was inevitably complicated and needed troublesome 
adjustment. 

[0005] In contrast, light emitting devices configured to 
emit light by wavelength-converting light emitted from 
semiconductor light emitting elements by means of flu- 
orescent elements are advantageous in realizing a color 
heretofore impossible with a single semiconductor light 
emitting element by changing fluorescent elements or 
their combination. 

[0006] A white light emitting device, described in 
"Compound Semiconductor Vol. 5, No. 4, 00. 28-31 , is 
one of light emitting devices combining semiconductor 
light emitting elements and fluorescent elements. This 
light emitting device realizes white emission by mixture 
of two colors from a semiconductor light emitting ele- 
ment for blue light and a YAG:Ce fluorescent element 
excited by that blue light to emit yellow light. 
[0007] Fig. 16 is a cross-sectional view illustrating a 
rough configuration of a conventional light emitting de- 
vice of this type. A semiconductor light emitting element 
802 is placed in an opening 801 formed in a package 
(resin stem) 800, and a sealing resin 804 is buried to 
encapsulate the semiconductor light emitting element 
802. The resin 804 contains a fluorescent element 81 0. 
[0008] The resin stem 800 has leads 805, 806 shaped 
from a lead frame, and a resin portion 803 molded to 
bury them. The semiconductor light emitting element 
802 is mounted on the lead 806, and connected to the 



lead 805 by a wire 808. The semiconductor light emitting 
element 802 is electrically fed through two leads 805, 
806 to emit light, and the fluorescent element 810 ab- 
sorbs the emitted light to release converted light. The 
5 semiconductor light emitting element: 802 is a semicon- 
ductor that emits blue light, and the fluorescent material 
810 is YAG:Ce fluorescent element that absorbs blue 
light f ronithe light emitting element 802 and release yel- 
low light. 

10 [0009] With the light emitting device shown in Fig. 16, 
white light by mixture of two colors, namely the blue light 
from the semiconductor light emitting element 802 and 
the yellow light resulting from partial wavelength con- 
version by the fluorescent element 810, is extracted 

15 from a light release surface 812. 

[001 0] Through reviews, however, the Inventors have 
found that light emitting devices as shown in Fig. 16 in- 
volve the below-listed problems. 
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(1 ) The white balance largely fluctuates among light 
emitting devices. 

(2) The white balance largely changes with the cur- 
rent value supplied. 

(3) The white balance largely changes with the am- 
bient temperature. 

(4) The white balance largely changes with life of 
the semiconductor light emitting element 802. 



[0011] AH of those problems derive from essential 

30 characteristics of the blue light emitting element 802 
used as the semiconductor light emitting element. That 
is, indium gallium nitride used as the light emitting layer 
of the blue light emitting element 802 is difficult to control 
strictly, and subject to fluctuation of emission wave- 

35 length among wafers on which it grows. In addition, it 
inherently varies largely in emission wavelength with the 
current supplied to the light emitting element 802. or with 
temperature. Furthermore, it exhibits a tendency of fluc- 
tuation of the emission wavelength while the supply of 

40 current and the emitting operation are continued. 

[0012] Once the wavelength of blue light released 
from the blue light emitting element 802 fluctuates due 
to those reasons, its intensity gets out of balance with 
that of the yellow light from the fluorescent element 810, 

45 and their chromaticity coordinates will get out of order. 
It results in large changes of the white balance of the 
white light as the output of the device, and invites those 
problems, namely, fluctuation in brightness (luminance) 
and color (tone) of the white light obtained, bad repro- 

so ducibility among products, and low mass productivity. 
[0013] Moreover, the light emitting device shown in 
Fig. 16 inherently involves another problem that it is dif- 
ficult to adjust the quantity of the fluorescent element in 
the resin enclosing the semiconductor element in ac- 

55 cordance with the luminance of the light emitting ele- 
ment. Especially, emission from YAG:Ce with a high vis- 
ible sensitivity is difficult to control because an error in 
quantity of the fluorescent element in the order of sev- 
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eral micro grams (u,g) influences the tone and the lumi- 
nance. 

[001 4] Furthermore, this light emitting device is oper- 
ative only in a narrow, limitative temperature range. If it 
is operated under, for example, 50°C or higher temper- 
ature, the tone changes to bluish white. Such a temper- 
ature-caused change of color occurs due to a difference 
in temperature characteristics between the semicon- 
ductor element and the fluorescent element, namely be- 
cause degradation, of emission efficiency of the fluores- 
cent element under a high temperature is larger than 
that of the degradation of emission efficiency of the sem- 
iconductor. 

[0015] In addition, in case of the light emitting device 
shown in Fig. 16, the resin 804 containing the fluores- 
cent element 81 0 for yellow emission has a "yellow" tone 
in its OFF state. That is, since the part lit "white" in the 
ON state looks "yellow" in the OFF state, its "appear- 
ance" is not good. 

SUMMARY OF THE INVENTION 

[0016] According to an embodiment of the invention, 
there is provided a light emitting device comprising: a 
light emitting element which emits primary light; a sili- 
cone resin provide to embed said light emitting element 
and having a hardness in the range of 50 to 90 in JISA 
value; and a fluorescent element contained in said sili- 
cone resin to absorb said primary light and release vis- 
ible light. 

[0017] The present application contemplates, with the 
term "silicone resin", any resin having as its skeleton a 
structure in which silicon atoms having organic radicals 
such as alky I radicals oraryi radicals are alternately con- 
nected to oxygen atoms. Needless to say, those con- 
taining additive elements added to such skeletons are 
also included in "silicone resins". 
[0018] In the present application, the "fluorescent el- 
ement" may be any having a wavelength converting 
function, either inorganic and organic, including inor- 
ganic dyes having a wavelength converting function. 
[0019] In the present application, "nitride semicon- 
ductors" include lll-V compound semiconductors ex- 
pressed by the chemical formula B x ln y Al z Ga( 1 _ x . y . Z )N 
(0<x<1 , 0<y<1 , 0<z<1 , 0<x+y+z<1), where each of x, y, 
and 2 is varied throughout its respective range, and fur- 
ther include mixed crystals containing not only N (nitro- 
gen) but also phosphorus (P) and/or arsenic (As) in ad- 
dition to N as group V elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention will be understood more 
fully from the detailed description given herebelow and 
from the accompanying drawings of the embodiments 
of the invention. However, the drawings are not intended 
to imply limitation of the invention to a specific embodi- 
ment, but are for explanation and understanding only. 



[0021] In the drawings: 

Fig. 1 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a 
5 light emitting device according to the first embodi- 
ment of the invention; 

Fig. 2 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a 
light emitting device usable in the present invention; 

10 Fig. 3 is a cross-sectional view that shows a light 
emitting device as the second specific example us- 
able in the present invention; 
Fig. 4 is a cross-sectional view that shows a light 
emitting device as the third specific example usable 

15 in the present invention; 

Figs. 5A through 5C show schematic diagrams that 
illustrate intensity profiles of emitted light depending 
upon the surface configuration of a sealing element; 
Fig. 6 is a graph that shows measured changes of 

20 chromaticity x with current-supply time; 

Fig. 7 is a diagram that schematically illustrates a 
planar configuration inside an opening of a light 
emitting device according to the embodiment of the 
invention; 

25 Fig. 8 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a 
light emitting device according to the second em- 
bodiment of the invention; 
Fig. 9 is a cross -sectional view that schematically 

30 shows a configuration of the substantial part of a 
light emitting device according to the third embodi- 
ment of the invention; 

Fig. 1 0 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a 
35 light emitting device according to the fourth embod- 
iment of the invention; 

Fig. 11 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a 
-vjight emitting device according to the fifth embodi- 

40 ' ment of the invention; 

Fig. 12 is a cross-sectional view that shows a mod- 
ification of the fifth embodiment of the invention; 
Fig. 13 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a 

45 |jght emitting device according to the sixth embod- 
iment of the invention; 

Fig. 14 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a 
light emitting device according to the seventh em- 
50 bodiment of the invention; 

Fig. 15 is a cross-sectional view that shows a mod- 
ification of the seventh embodiment of the inven- 
tion; and 

Fig. 16 is a cross-sectional view that shows an out- 
55 line configuration of a conventional light emitting de- 
vice. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0022] The invention provides a light emitting device 
configured to emit light resulting from wavelength con- 
version of primary light of a shorter wavelength from a 
semiconductor light emitting element by means of a flu- 
orescent element, and excellent in wavelength stability 
and reproducibility of the emission characteristics. 
[0023] Some embodiments of the invention will now 
be explained below with reference to the drawings. 

(First Embodiment) 

[0024] Fig. 1 is a cross-sectional view that schemati- 
cally shows a configuration of the substantial part of a 
light emitting device according to the first embodiment 
of the invention. 

[0025] The light emitting device 1A shown here in- 
cludes a resin stem 100, a semiconductor light emitting 
element 1 06 mounted on the resin stem 1 00, and a seal- 
ing element 111 provided to embed the element 106. 
[0026] The resin stem 100 includes leads 101, 102 
shaped from a lead frame, and a resin portion 1 03 mold- 
ed integrally with the leads 101,1 02. The leads 1 01 , 1 02 
have opposed ends close to each other, and extend 
therefrom in the opposite directions to outside the resin 
portion 103. 

[0027] The resin portion 1 03 has an opening 1 05, and 
the semiconductor light emitting element 106 is mount- 
ed on the bottom of the opening 1 05. The planar geom- 
etry of the opening 105 may be elliptical or circular, for 
example. The inner wall surface of the resin portion 1 03 
surrounding the element 106 inclines toward the light 
releasing direction to serve as a reflection surface 1 04 
for reflecting light. 

[0028] The light emitting element 106 is mounted on 
the lead 101 on the bottom surface of the opening 105 
with an adhesive such as silver (Ag) paste. The light 
emitting element 106 has first and second electrodes 
(not shown) that are connected to the leads 101 , 102 by 
bonding wires 108, 109 of gold (Au), for example. 
[0029] The sealing element 1 1 1 buried in the opening 
105 contains a fluorescent element 110. In the embod- 
iment shown here, the light emitting element 106 may 
have the emission peak at a wavelength, shorter than 
400 nm, and the fluorescent element 1 1 0 may be a sub- 
stance excited by primary light of a wavelength shorter 
than 400 nm. The fluorescent element 1 1 0 may be either 
a single substance or a combination of, for example, a 
fluorescent element 11 OA releasing red light, fluores- 
cent element 11 0B releasing green light, and fluores- 
cent element 110C releasing blue light. Other various 
combinations are also acceptable as explained later. 
[0030] The basic concept of the invention is to extract 
light converted in wavelength from primary light by the 
fluorescent element 110 instead of directly extracting 
the primary light emitted from the light emitting element 
106. That is, ultraviolet or other light emitted from the 



light emitting element 1 06 is converted in wavelength by 
the fluorescent element 110 (for example, red fluores- 
cent element 1 1 0A. green fluorescent element 1 1 0B and 
blue fluorescent element 110C), and extracted as a 
5 mixed color of such secondary light. 

[0031] This way of extraction can overcome the prob- 
lem of the change of color caused by differences or var- 
iances of, emission characteristics between the light 
emitting element 106 and the fluorescent element 110. 
10 For example, even if the wavelength of the light emitting 
element 1 06 among products, or the wavelength of the 
light emitting element 106 shifts from the original value 
due to temperature conditions, changes with time, or the 
like, influences thereof to the fluorescent element are 
15 small, and the balance of the mixed color obtained from 
the fluorescent element does not almost change. There- 
fore, the invention can realize a light emitting device re- 
markably stable in emission characteristics over a wide 
temperature range and a wide range of operation time. 
20 [0032] In addition, when the fluorescent element used 
in the invention is of a mixed type combining, for exam- 
ple, the red fluorescent element 1 1 0A, green fluorescent 
element 11 0B and blue fluorescent element 110C, and 
is contained in a transparent resin, the sealing element 
25 111 exhibits a "white" tone. That is, it looks "white" in the 
OFF state, and emits white light in the ON state. There- 
fore, it has a good appearance, and this feature is sig- 
nificantly advantageous from the visual viewpoint when 
it is used in various applications. 
30 [0033] The material used as the sealing element 1 1 1 
is also an important feature of the invention. The use of 
a silicone resin instead of conventional epoxy resin con- 
tributes to ensuring a sufficient durability even against 
light of short wavelengths whose peak wavelengths are 
35 shorter than 400 nm. 

[0034] The sealing element 1 1 1 is preferably of a type 
having a high viscosity before its sets. The sealing ele- 
ment 111 of this type makes it difficult for the fluorescent 
element 1 1 0 to move and locally concentrate, and there- 
to by prevents its sedimentation or segregation even when 
the sealing element 111 mixed and shaken with the flu- 
orescent element 110 is left for a long time. Especially 
when different kinds of fluorescent elements are mixed, 
sedimentation or segregation of the fluorescent ele- 
45 ments will invite chromatic irregularity and variances of 
luminance. However, by adjusting the prior-to-curing 
viscosity, it is possible to keep the fluorescent element 
1 1 0 uniformly dispersed in the sealing element 1 1 1 with- 
out being localized and thereby stabilize the emission 
50 characteristics. 

[0035] In a practical case using a light emitting ele- 
ment 1 06 having a size in the range of 50^im to 1 OOOujti, 
each side, and a thickness in the range of 1 0u.m through 
1000u.m : adjusting the mixture ratio of fluorescent ele- 
55 ment 11 0 in the range from 1 weight % to 50 weight %, 
and selecting the viscosity of the resin upon curing in 
the range from 100cp (centipoise) through 10000cp, 
even when the fluorescent element 110 was a mixture 
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of some kinds of fluorescent materials different in gravity 
and grain size, the fluorescent material was uniformly 
dispersed in the sealing element 111 without segrega- 
tion or like undesirable phenomenon, and uniform emis- 
sion was attained. That is, light emitting elements elim- 
inating chromatic irregularity and having a high lumi- 
nance could be realized. 

[0036] As roughly explained above, according to the 
embodiment of the invention, since the light emitting el- 
ement 1 06 is located on the bottom surface of the pack- 
aging member 100 like the resin stem, and the fluores- 
cent element 1 1 0 is dispersed in the sealing element 1 1 1 
having the unique features, such that all particles of the 
fluorescent element can emit light even under segrega- 
tion of the fluorescent particles due to differences in spe- 
cific gravity and grain size, high-yield production is en- 
sured minimizing tone variances and degradation of lu- 
minance. 

[0037] Next explained are greater details of individual 
components of the light emitting device according to the 
embodiment of the invention. 

(Re: Light Emitting Elements 106) 

[0038] The light emitting element 1 06 has a multi-lay- 
ered structure including a light emitting layer of a nitride 
semiconductor formed on a predetermined substrate by 
a crystal growth method such as metal-organic chemical 
vapor deposition (MOCVD) or molecular beam epitaxy 
(MBE). 

[0039] The light emitting element preferably has a 
"double heterostructure" in which the light emitting layer 
of a nitride semiconductor is sandwiched from the top 
and the bottom by layers having a larger band gap. The 
double heterostructure ensures stable characteristics 
that hold changes of the emission wavelength with time 
within 50 nm in the range of temperature changes from 
-40°C to 100°C, and its changes with current within 
50nm in the range of current changes from 1mA to 
100mA. 

[0040] Fig. 2 is a cross-sectionalView that schemati- 
cally shows a configuration of the substantial part of a 
light emitting device usable in the present invention. The 
light emitting element 106A includes a buffer layer 122 
of A1 N , n-type GaN contact layer 1 23 , light emitting lay- 
er 124, p-type GaAIN cladding layer 125, and p-type 
GaN contact layer 126 that are sequentially formed on 
a sapphire substrate 121. The light emitting layer 124 
has a quantum well (QW) structure in which GaN barrier 
layers and InGaAIN well layers are stacked alternately. 
[0041 ] On the n-type GaN contact layer 1 23 exposed 
by selectively removing the multi-layered structure by 
etching from its surface, an n-side electrode 127 made 
of Ti/AI is formed. On the other hand, formed on the p- 
type GaN contact layer 126 are a translucent p-side 
electrode 1 28 in form of a Ni/Au thin film having a thick- 
ness of tens of nanometers and a bonding pad 129 of 
gold (Au) connected to the p-side electrode 128. Sur- 



face of the element is covered by a protective film 130 
of Si0 2 . 

[0042] When a voltage is applied to the n-side elec- 
trode 127 and the p-side electrode 128 of the light emit- 

5 ting element 106A, light generated in the light emitting 
layer 124 is released from the surface 131. Since the 
intensity of the emission peak wavelength can be en- 
hanced by providing a plurality of ripples in the emission 
spectrum, absorption of the excited fluorescent element 

10 js enhanced, and a light emitting device with a high lu- 
minance can be realized. 

[0043] The emission wavelength is determined vari- 
ously by changing the composition of the semiconductor 
materials of the light emitting layer 124 (for example, 

is composition of well layers of QW), ultraviolet light whose 
wavelength is in the range from 200nm to 400nm can 
be obtained. Ultraviolet light of a wavelength in the 
range from 250nm to 400nm is desirable because a 
large quantity is absorbed by the fluorescent element. 

20 Ultraviolet light having a wavelength in the range from 
370nm to 400nm is more desirable because it increases 
the emission efficiency of the light emitting element 1 06. 
Ultraviolet light having a wavelength in the range from 
380nm to 400 nm is still more desirable because it pre- 

25 vents deterioration of the sealing element 111 embed- 
ding the light emitting element 1 06. 
[0044] The light emitting element 124 preferably has 
a single quantum well structure including a single layer 
having a quantum effect and a thickness in the range 

30 from 1 nm to 20nm, or a multiquantum well structure two 
or more such layers because it narrows the spectral 
width and increases the excitation efficiency of the flu- 
orescent element 110. The light emitting layer 124 is 
preferably in form of dots each sized several nanome- 

35 ters to several micrometers in its plan-viewed configu- 
ration, thereby to improve the emission efficiency and 
the excitation efficiency of the fluorescent element. 
[0045] Impurities such as silicon (Si), zinc (Zn) or ger- 
manium (Ge) are preferably added to the light emitting 

40 laVer'124 to decrease the piezoelectric field generated 
by distortion caused by lattice miss-matching and to pro- 
mote recombination of injected carriers and increase the 
emission efficiency of the light emitting element. 
[0046] On the other hand, regarding the substrate 

45 121 , n-type GaN, n-type ZnO, insulating quartz, or the 
like, are usable materials in addition to sapphire. Sap- 
phire has a high transmittance to wavelengths shorter 
than 400 nm, and permits light from the light emitting 
layer 1 24 to be effectively extracted without absorbing it. 

so [0047] If a conductive substrate of n-type GaN, for ex- 
ample, is used, it enables to decrease the gold (Au) wire 
exhibiting a low reflectance against light of wavelengths 
shorter than 400nm to only one, and can thereby im- 
prove the extraction efficiency of emitted light. Further- 

55 more, the light extraction efficiency can be improved by 
reflecting the light from the light emitting layer 124 with 
the electrode at the back surface of the conductive sub- 
strate. Here is also the additional advantage that dete- 
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rioration of the adhesive 107 used to mount the light 
emitting element 106 by light is alleviated, and it also 
increases the reliability of the light emitting device. 
[0048] In case a sapphire substrate is used : by first 
forming the buffer layer 122 and the n-type GaN layer 
123 are formed on the substrate 121 and thereafter 
forming a second buffer layer of A1N under a lower 
growth temperature, it is possible to improve the crys- 
tallography property of the light emitting layer 124, 
thereby decrease the crystallographic defects in the 
light emitting layer and improve the emission efficiency 
of the light emitting element, it simultaneously contrib- 
utes to a decrease of absorption of secondary light from 
the fluorescent element 1 1 0 by crystallographic defects, 
improvement of the reliability, and enhancement of the 
luminance of the light emitting device. 
[0049] Material of the buffer layer 1 22 is not limited to 
A1N, but GaN, AIGaN, InGaN and InGaAIN are also ac- 
ceptable either individually as a single layer or in com- 
bination as a multi-layered film. The buffer layer 122 
preferably has a thickness in the range from several na- 
nometers to hundreds of nanometers to prevent absorp- 
tion of light from the fluorescent element not to degrade 
the luminance. 

[0050] Material of the n-type layer 123 is not limited 
to GaN, but AIGaN, InGaN and InGaAl are also accept- 
able either individually as a single layer or in combina- 
tion as a multi-layered film. Its thickness is preferably 
adjusted in the range from 1u.m to 10u.m to ensure uni- 
form flow of the injected current inside the n-type layer 
123, uniform, emission of the light emitting element and 
efficient excitation of the dispersed particles of the fluo- 
rescent element. The impurity added to the n-type layer 
123 is preferably silicon (Si), germanium (Ge) or seleni- 
um (Se) to replace point defects of the semiconductor 
crystal, thereby prevent migration of the fluorescent el- 
ement into the semiconductor during application of a 
current, and hence improve the reliability. 
[0051] Material of the p-type layer 125 is not limited 
to AIGaN, but InAIGaN and InGaN are also acceptable 
either individually as a single layer or in combination as 
a multi-layered film. Its thickness is preferably adjusted 
in the range from several nanometers to several mi- 
crometers to alleviate that the carriers once injected into 
the light emitting layer 1 24 overflows therefrom, thereby 
to improve the emission efficiency of the light emitting 
element 1 24. The impurity added to the p-type layer 1 25 
is preferably magnesium (Mg) or zinc (Zn) to prevent 
migration of the fluorescent element into the semicon- 
ductor by replacing the point defects in the semiconduc- 
tor crystal during the supply of a current under a high 
temperature. 

[0052] Material of the p-type contact layer 1 26 is not 
limited to GaN, but AIGaN, InGaN and InGaAIN are also 
acceptable either individually as a single layer or in com- 
bination as a multi-layered film. When a superlattice 
structure of a plurality of thin films of a thickness around 
several nanometers is used as such a multi-layered film, 



it contributes to increasing the activated ratio of the p- 
type impurity, lowering the Schottky barrier with respect 
to the transparent electrode 128 and decreasing the 
contact resistance. It results in minimizing influences of 

5 heat generation to the fluorescent element around the 
light emitting element and maintaining a high luminance 
up to high temperature ranges. 
[0053] Material of the n-side electrode is not limited 
to Tl/AI, but scandium (Sc), yttrium (Y), lanthanum (La), 

10 zirconium (Zr), hafnium (Hf), vanadium (V), niobium 
(Nb), tantalum (Ta), chromium (Cr), molybdenum (Mo), 
aluminum (Al) or gold (Au) are also acceptable either 
individually or in combination as a multi-layered form or 
as an alloy. 

15 [0054] Material of the p-side electrode 128 is not lim- 
ited to Ni/Au, but palladium (Pd), platinum (Pt), cobalt 
(Co), rhodium (Rh), iridium (Ir), nickel oxide (NiO), cop- 
per (Cu), aluminum (Al), magnesium (Mg), magnesium 
oxide (MgO) or silver (Ag) either individually or in com- 

20 bination as a multi-layered form or alloy. 

[0055] The protective film 1 30 functions both to pro- 
tect the thin-film transparent electrode 128 and to pre- 
vent migration of the fluorescent element 110 into the 
transparent electrode 128 during the electrical supply. 

25 its material is not limited to Si0 2 , but dielectric materials 
such as silicon nitride (SiN x ) or aluminum oxide (Al 2 0 3 ) 
are also usable. 

[0056] Fig. 3 is a cross-sectional view that shows a 
light emitting device as the second specific example us- 

30 able in the present invention. The light emitting element 
106B shown here includes a reflective film 141 formed 
on the back surf ace of the sapphire substrate 121 added 
to the light emitting element 106A of Fig. 2. A material 
having a high optical reflectance, such as aluminum (Al), 

35 may be used as the material of the reflective film 141 . 
[0057] A metal film as the reflective film 141 formed 
on the back surface of the sapphire substrate 121 func- 
tions to reflect the light from the light emitting element 
124ttqward the emission surface 131 and efficiently ex- 

40 tract the light generated in the light emitting element out- 
side the element. It also contributes to preventing the 
change of quality or deterioration of the adhesive 1 07 
due to primary light of a short wavelength from the light 
emitting layer 124, change of color of the lead 101, 

45 change of color of the resin stem 100, and so on. The 
effect of preventing degradation of the adhesive 
strength of the adhesive 107 is large. Furthermore, 
since the metal film 141 has a high thermal conductivity 
and improves the heat discharge effect, it can discharge 

so the heat generated in the light emitting layer 124 during 
operation under a high current or a high temperature to 
the exterior of the light emitting element, and can there- 
by minimize degradation of the luminance by heat gen- 
eration. 

55 [0058] Usable materials as the material of the reflec- 
tive film 141 are nickel (Ni), silver (Ag), chromium (Cr), 
titanium (Ti), copper (Cu) and gold (Au), in addition to 
aluminum, either individually or in combination as a mul- 
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ti-layered form or an alloy. 

[0059] Fig. 4 is a cross-sectional view that shows a 
light emitting device as the third specific example usable 
in the present invention. The light emitting element 1 06C 
shown here is a modification of the light emitting element 
1 06A of Fig. 2, in which the transparent p-side electrode 
128 is replaced by a p-side electrode 161 in form of a 
metal layer that reflects light from the light emitting layer 
124. The metal layer forming the p-side electrode 1 61 
may have a thickness larger than hundreds of nanom- 
eters. 

[0060] Light from the light emitting layer 1 24 is reflect- 
ed by the p-side electrode 161, and can be extracted 
from the emission surface 171 without being absorbed 
by the sapphire substrate 121. The light emitting ele- 
ment 106C shown here can increase the optical output 
to 1 .5 two 2 times as compared with the light emitting 
element 106A or 106B, and therefore, a light emitting 
device using this light emitting element 1 06C and includ- 
ing a fluorescent element can realize a luminance as 
high as 1 .5 to 2 times. 

[0061] The p-side electrode 161 also contributes to 
preventing entry of the light from the light emitting layer 
1 24 into the adhesive 1 07 thereby to prevent deteriora- 
tion of the adhesive 1 07 and also to prevent deteriora- 
tion and change of color of the lead 101 and the resin 
stem 1 00 around the light emitting element by light. 
[0062] Furthermore, heat generation by voltage drop 
in the p-type layers 125, 126, as a part of sources of 
heat generation of the light emitting element, can be re- 
leased to the lead 101 through the p-side electrode 161. 
[0063] Simultaneously, the light emitting element 
106C can minimize influences of heat generation in the 
light emitting element and can thereby prevent deterio- 
ration of the fluorescent element by high temperatures 
by keeping the heat generation sources like the p-type 
layers and light emitting layer 124 away from the fluo- 
rescent element 110. As a result, the light emitting de- 
vice is operative under high temperatures, and its relia- 
bility is improved. 

[0064] The use of the light emitting element 1 06C also 
makes it possible to directly connect two leads 1 01 , 1 02 
without using a gold (Au) wire. It results in eliminating 
the problem of breakage of the gold (Au) wire due to a 
stress to the resin, thereby improving the reliability, and 
simultaneously realizing a high luminance by eliminat- 
ing absorption of light from the light emitting element by 
the gold wire. 

[0065] Furthermore, the crystal growth layers 122 
through 126 grown on the sapphire substrate 121 can 
be separated from the fluorescent element 111, and 
therefore, the device can operate without influences of 
raised temperatures of the fluorescent element caused 
by non-emission by the fluorescent element, and the re- 
liability of the device increases. 
[0066] The material of the p-side electrode 1 61 is pref- 
erably selected from nickel (Ni), cobalt (Co), antimony 
(Sb), magnesium (Mg), silver (Ag), platinum (Pt) and 



palladium (Pd) that are materials having small Schottky 
barriers with respect to the p-type GaN layer 126. Alter- 
natively, aluminum (Al) or silver (Ag), which is a high- 
reflectance material to reflect lightf rom the light emitting 
5 layer 124, is preferably used. Alternatively, molybdenum 
(Mo), platinum (Pt), palladium (Pd), nickel (Ni) or gold 
(Au), which is less reactive to the adhesive 107, is pref- 
erably used. 

[0067] In case those materials are used in form of a 
10 multi-layered structure, a metal film having a small 
Schottky barrier is preferably formed as a thin film hav- 
ing a thickness in the range from several nanometers or 
tens of nanometers to minimize absorption of light such 
that the quantity of light entering into the underlying 
15 high-reflectance metal layer increases. 

(Re: Adhesive 107) 

[0068] In order to mount the light emitting element 
20 1 06, a paste containing silver (Ag), for example, is used 
as the adhesive 107. However, Other materials are also 
acceptable. 

[0069] Ag paste has a high adhesive force with re- 
spect to the light emitting element 1 06 and the lead 1 01 , 

25 and can maintain the mounting strength even upon sud- 
den changes of the temperature. Additionally, Ag con- 
tained in the paste enables effective heat discharge 
therethrough and can prevent the light emitting layer 
124 from a rise of the temperature. Furthermore, Ag can 

30 reflect primary light from the light emitting element 1 06, 
and can therefore reflect light emitted toward the sap- 
phire substrate 121 back to the emission surface 112. 
[0070] Ag paste is preferably provided to project from 
the side surface of the sapphire substrate 121 not only 

35 to increase the adhesive strength but also to reflect light 
going out of the side surface of the sapphire substrate 
121 back to the emission surface of the light emitting 
element 131 , thereby to realize a high luminance. 
[0071 ] Various materials other than Ag paste are also 

40 usable as the adhesive 107. Such examples are sili- 
cone-based adhesives including no metal, epoay-based 
adhesives that are transparent to light of wavelengths 
shorter than 400 nm. eutectic alloy solders such as gold- 
tin (AuSn), gold-germanium (AuGe), etc. 

45 [0072] Silicone-based adhesives are reliable be- 
cause of less change of color by emission of light and 
less deterioration of the adhesive force. 
[0073] Epoxy-based adhesives are more likely to 
change in color by emission of light, and metals and/or 

so scattering agents for reflecting light are preferably add- 
ed to prevent changes of color. When they are combined 
with light emitting elements 106B, 106C having reflec- 
tive films on surfaces opposed to adhesives, reliable 
light emitting devices can be realized. Additionally, 

55 epoxy-based adhesives are advantageous for mass 
production because of their close fitting to leads for 
mounting elements on, decrease of exfoliation of the 
light emitting elements, and high controllability of the 
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quantity of paste. 

[0074] The bonding method using a metal eutectic al- 
loy solder is highly effective for light emitting elements 
such as light emitting elements 106B, 106C using con- 
ductive substrates like the n-type GaN substrate. Metal 
eutectic exhibits a high bonding force, eliminates color 
change or other deterioration caused by light from the 
light emitting layer 124, and excellent heat dissipation. 
However, because of its high bonding force, light emit- 
ting elements may receive influences of a heat stress 
during operation under high temperatures. This stress, 
however, can be reduced by forming a metal film con- 
taining gold (Au) and having a thickness of several mi- 
crometers on the bonding surface of the light emitting 
element. 

(Re: Resin Portion 103) 

[0075] The resin portion 1 03 has an opening 1 05. The 
light emitting element 106, end portions of the first and 
second leads 101, 102, Zener diode (not shown), etc. 
are located in the opening-105. 
[0076] The opening 1 05 has a narrower bottom and 
a wide open top to define slanted a side wall as a reflec- 
tive surface 1 04 that reflects primary light from the light 
emitting element 1 06 and light from the fluorescent ele- 
ment 110. 

[0077] The resin portion 1 03 has a property of reflect- 
ing light primary light from the light emitting element 1 06 
and light converted by the fluorescent element 1 1 0. It is 
made of, for example, 65 or more weight % of a thermo- 
plastic resin and 35 or less weight % of a filling agent. 
The filling agent contains a high-reflective material such 
as titanium oxide (Ti0 3 ), silicon oxide, aluminum oxide, 
silica or alumina. In case of titanium oxide, its content 
is in the range from 10 to 15%. Because the reflective 
surface 104 is a part of the resin portion containing a 
diffusing material that reflects light, it can reflect light 
from the light emitting element 106 and the fluorescent 
element 110 upward to realize a high luminance of the 
tight emitting device. If the reflective surface 104 is con- 
figured as a paraboloid of revolution, for example, the 
output and the quality of the light emitting device can be 
further improved. 

[0078] The thermoplastic resin may be a resin having 
a high resistance to heat, such as liquid crystal polymer 
(LCP), polyphenylene sulfide (PPS: thermoplastic resin) 
or syndiotactic polystyrene (SPS: crystalline polysty- 
rene). The plan-viewed outer configuration of the resin 
portion 1 03 may be a substantial square approximately 
sized 2.0x2.0mm through 6.0x6.0mm, or a substantia! 
rectangular approximately sized 2.0X3.0mm through 
5.0x7.0mm. The light emitting element 106 is located 
offset from the center on the bottom surface of the cavity 
1 05. This offset placement of the light emitting element 
is for the purpose of making an ample region for the 
bonding wire and locating a side surface of the light emit- 
ting element 1 06 closed to the reflective surface 104 to 



increase the reflectance and realize a high luminance. 
[0079] The top and bottom of the opening 1 05 of the 
resin portion 103 may be elliptical (with a longer diam- 
eter of 1 to 2.8 mm and a shorter diameter of 0.5 to 2.7 

5 mm). Since the bottom is narrow, when the sealing ele- 
ment 110 containing uniformly dispersed particles of the 
fluorescent element 110 is buried in the. opening 105, 
the quantity'of the fluorescent element 110 is less near 
the light emitting element 106 and more and more to- 

10 ward the top. Therefore, primary light emitted from the 
light emitting element 1 06 is absorbed and converted to 
second light by the fluorescent element 110 by a pro- 
gressively large quantity as it goes apart from the light 
emitting element, and finally, substantially all of primary 

15 light can be converted to secondary light. At the same 
time, it is possible to reduce the probability that the con- 
verted secondary light is absorbed by other fluorescent 
elements. 

20 (Re: Fluorescent Element 110) 

[0080] The fluorescent element 110 used in the em- 
bodiment of the invention is a fluorescent material that 
releases light by absorbing ultraviolet light shorter than 

25 400 nm emitted from the light emitting layer 1 24 of the 
light emitting element 106, or a material that releases 
light by absorbing light emitted from another fluorescent 
element. The fluorescent element 1 1 0 preferably has a 
conversion efficiency of 1 lumen/watt or more. 

30 [0081] White light can be realized by mixing three pri- 
mary colors of red, green and blue, or by mixing any two 
complementary colors. White light by three primary 
colors can be realized by using a first fluorescent ele- 
ment for releasing blue tight by absorbing light from the 

35 light emitting element 106, a second fluorescent ele- 
ment for releasing red light, and a third fluorescent ele- 
ment for releasing green light. 
[0082] White light by complementary colors can be re- 
alized by combining a first fluorescent element for re- 

40 leasing blue light by absorbing light from the light emit- 
ting element 106 and a second fluorescent element for 
emitting yellow light by absorbing the blue light, or by 
combining a firstfluorescentclement for releasing green 
light by absorbing light from the light emitting element 

45 1 06 and a second fluorescent element for releasing red 
light by absorbing the green light. 
[0083] Fluorescent elements whose wavelength 
changes are not larger than 50 nm in the temperature 
range from -40°C to 100°C are preferably used to real- 

50 ize a light emitting device independent from temperature 
characteristics of the light emitting element. 
[0084] The use of fluorescent elements whose wave- 
length changes do not exceed 50 nm when the light 
emitting element 1 06 is operated by a drive current in 

55 the range from 1mA to 100mA enables realization of a 
light emitting device independent from changes in emis- 
sion spectrum caused by the drive current of the ele- 
ment. 
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[0085] There are the following fluorescent materials 
that can release blue light. 

ZnS:Ag 

ZnS:Ag+Pigment 

ZnS:Ag, Al 

ZnS:Ag t Cu, Ga, CI 

ZnS:Ag+ln 2 0 3 

ZnS:Zn+ ln 2 0 3 

(Ba, Eu)MgAI 10 O 17 

(Sr, Ca, Ba, Mg^oCPO^CIgiEu 

Srio(P0 4 ) 6 CI 2 :Eu 

(Ba, Sr, Eu)(Mg, Mn)AI 10 O 17 

10(Sr, Ca, Ba, Eu)=6P0 4 =Cl 2 

BaMg2AI 16 0 25 :Eu 

[0086] There are the following fluorescent elements 
that can release green light. 

ZnS:Cu, Al 

ZnS:Cu, Al+Pigment 

(Zn, Cd)S:Cu, Al 

ZnS:Cu, Au, Al, +pigment 

Y 3 AI 5 0 12 :Tb 

Y 3 (AI, Ga) 5 0 12 :Tb 

Y 2 Si0 5 :"R) 

Zn 2 Si0 4 :Mn 

(Zn, Cd)S:Cu 

ZnS:Cu 

Zn 2 Si 4 :Mn 

ZnS:Cu+Zn 2 Si0 4 :Mn 

Gd 2 0 2 S:Tb 

(Zn, Cd)S:Ag 

ZnS:Cu, Al 

Y 2 0 2 S:Tb 

ZnS:Cu, Ai+ln 2 0 3 

(Zn, Cd)S:Ag + ln 2 0 3 

(Zn, Mn) 2 Si0 4 

BaAI 12 0 19 :Mn 

(Ba, Sr, Mg)0=aAI 2 0 3 :Mn 

LaP0 4 :Ce, Tb 

Zn 2 Si0 4 :Mn 

ZnS:Cu 

3(Ba, Mg, Eu, Mn)Cfe8AI 2 0 3 
LagO^O^SiO^O.gPgO^Ce, Tb 
CeMgAI^O^Tb 

[0087] There are the following fluorescent materials 
usable to release red light. 

Y 2 0 2 S:Eu 
Y 2 0 2 S:Eu+pigment 
Y 2 0 3 :Eu 
Zn 3 (P0 4 ) 2 :Mn 
(Zn, Cd)S:Ag+ ln 2 0 3 
(Y, Gd, Eu)B0 3 
(Y, Gd, Eu) 2 0 3 
YVQ 4 :Eu 



La 2 0 2 S:Eu, Sm 

[0088] The following fluorescent material for exam- 
ple, can be used for releasing yellow light. 

5 

YAG:Ce 

[0089] By using those red fluorescent elements, 
green fluorescent elements and blue fluorescent ele- 

10 ments in an appropriate adjusted R:G:B ratio, any de- 
sired tone can be made. For example, white colors from 
white lamp color to white fluorescent lamp color can be 
realized by one of 1:1:1 through 7:1:1, 1:1:1 through 1: 
3:1 and 1:1:1 through 1:1:3 in R:G :B. weight % ratio. 

15 [0090] When the total weight percent of the mixed flu- 
orescent elements is adjusted in the range from 1 weight 
% to 50 weight % relative to the weight of the sealing 
element containing the fluorescent elements, substan- 
tial wavelength conversion is realized. When it is adjust- 

20 ed in the range of 10 weight % to 30 weight %, a light 
emitting device with a high luminance is realized. 
[0091] In case those RGB fluorescent elements are 
appropriately selected and mixed, the tone of the seal- 
ing element 111 will become white. That is, since the 

25 light emitting device emitting white light looks white also 
in the OFF state, its appearance is good, and a light 
emitting device excellent from the visual and design 
viewpoints can be provided. 

[0092] Fluorescent materials usable in the invention 
30 are not limited to inorganic fluorescent materials, High- 
luminance light emitting devices can be realized also by 
similarly using the following organic dye materials. 

xanthene dyes 
35 oxazine dyes 

cyanine dyes 

rhodamine B (630 nm) 

coumarin 153 (535 nm) 
>"v^pplyparaphenylene vinylene (510 nm) 
40 * coumarin 1 (430 nm) 

coumarin 120 (450 nm) 

tris-(8-hydroxyquinoline) aluminum (Alq3 or A1Q) 
(green light) 

4-dicyanomethylene-2-methyl-6(p-dimethylami- 
45 nostyrene) -4H-pyran (DCM) (orange/red light) 

[0093] Also when some kinds of dye materials are 
used, individual dye materials can be dispersed in the 
resin by adding respective dye materials into a silicone 

so resin as the sealing element and stirring it, and excita- 
tion efficiency of dyes can be enhanced. 
[0094] According to the embodiment of the invention, 
various colors of light can be realized with the light emit- 
ting device by combining appropriate materials of the 

55 fluorescent element (including dyes) 110 contained in 
the sealing element 111. That is, any desired tone can 
be realized by combining red, green, blue and yellow 
fluorescent materials (and dyes). 
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[0095] On the other hand, the embodiment of the in- 
vention can also realize stabilization of the emission 
wavelength, which could not attained with conventional 
semiconductor light emitting elements, even by using a 
single fluorescent element. That is, ordinary semicon- 
ductor light emitting elements are subject to shifting of 
the emission wavelength depending on the drive cur- 
rent, ambient temperature and modulating conditions. 
In contrast, in the light emitting device according to the 
embodiment of the invention, the emission wavelength 
is remarkably "stable, independently of changes of the 
drive current and temperature. 
[0096] In addition, the emission, characteristics of the 
light emitting device according to the embodiment of the 
invention is determined by the characteristics of the ad- 
ditive fluorescent element 110 regardless of character- 
istics of the light emitting element 106, the production 
yield can be increased without variances of character- 
istics among different light emitting devices. 

(Re: Surface Configuration of the Sealing Element 111) 

[0097] The sealing element 11 1 is a member contain- 
ing the fluorescent element 110 buried in the opening 
105 to convert pximary light from the light emitting ele- 
ment 106. For this purpose, the sealing element 111 is 
preferably made of a material having a larger coupling 
energy than the energy of the primary light from the light 
emitting element 106. Additionally, it preferably has the 
property of transmitting light after wavelength conver- 
sion by the fluorescent element 110. 
[0098] The Inventors have got new knowledge about 
the surface configuration of the sealing element 111 
through his own trial and review about it. 
[0099] Figs. 5A through 5C show schematic diagrams 
that illustrate intensity profiles of emitted light depending 
upon the surface configuration of the sealing element. 
The profile of Fig. 5A is the intensity profile P of light 
from the light emitting element 106 using a sealing ele- 
ment 111 having a flat surface configuration, the profile 
of Fig. SB is that with a sealing element 111 having a 
concave surface configuration, and the profile of Fig. 5C 
is that with a sealing element 111 having a convex sur- 
face configuration. 

[0100] In comparison with the case of the flat config- 
uration shown in Fig. 5A, the intensity profile, i.e. orien- 
tation characteristics, of the emitted light of the device 
having the concave surface configuration shown in fig. 
5B apparently converges in the direction of the vertical 
axis Z. In contrast, the profile corresponding to the con- 
vex surface configuration shown in Fig. 5C diverges in 
the direction of the xy plane. Its reason might be that the 
light emitted from the fluorescent element contained 
near the convex portion of the sealing element 111 hav- 
ing the convex surface configuration spreads in the xy 
plane direction whereas the light emitted from the fluo- 
rescent element contained near the surface of the seal- 
ing element having the concave surface configuration is 



reflected by the side wall reflective surface 1 04 and con- 
tributes to increase the ratio of light traveling in the z- 
axis direction. 

[0101] The surface configuration of the sealing ele- 
5 ment 111, either convex or concave, can be determined 
by adjusting its quantity to be buried. That is, by adjust- 
ing the filling quantity of the sealing element 111 , any 
desired orientation characteristics of the emitted light 
can be obtained. 
10 [01 02] In case a plurality of light emitting devices are 
arranged in parallel as a planar type image. display ap- 
paratus, the convex surface configuration of the sealing 
element 111 may generate undesirable excited light in 
receipt of the light from adjacent light emitting devices. 
15 Therefore, the sealing element 1 1 1 preferably has a con- 
cave surface configuration also in applications of this 
kind. 

[0103] The embodiment of the invention can reliably, 
readily cope with those requirements by adjustment of 
20 the filling quantity of the sealing element 111. 

(Re: Material of the Sealing Element 111) 

[01 04] The sealing element 111 is a member contain- 
25 ing the fluorescent element 110 buried in the opening 

105 to convert primary light from the light emitting ele- 
ment 106. For this purpose, the sealing element 111 is 
preferably made of a material having a larger coupling 
energy than the energy of the primary light from the light 

30 emitting element 1 06. Additionally, it preferably has the 
property of transmitting light after wavelength conver- 
sion by the fluorescent element 110. 
[0105] If, however, the emission peak wavelength of 
the light emitting element 106 is shorter than 400 nm, 

35 epoxy resins conventionally used as the material of the 
sealing element 111 are subject to rapid deterioration. 
More specifically, in receipt of primary light from the light 
emitting element 106, epoxy resins, originally transpar- 
ejTti^change in color through yellow, liver to black, and 

40 it results in a serious decrease of the light extraction ef- 
ficiency. 

[01 06] Through trials and reviews, the I nventors have 
found that the use of silicone resin leads to a very sat- 
isfactory result. That is, if a silicone resin is used, change 

45 or color and other types of deterioration do not occur 
even after it is exposed to short wavelength light having 
the peak wavelength below 400 nm. By actually using 
silicone resin in a light emitting device using short-wave- 
length light as primary light, a high reliability could be 

so realized. 

[0107] That is, silicone resins have the property of 
transmitting primary light from the light emitting element 

106 and light from the fluorescent element 110 and en- 
suring a luminous intensity of the light emitting device 

55 not less than 60% of the initial luminous intensity even 
after operation of 1000 hours. 

[0108] In a manufacturing process, silicone resin con- 
taining the fluorescent element 110 is coated onto the 
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light emitting element 106 mounted in the opening 1 05 
by supplying it through a narrow nozzle while agitating 
it to uniformly mix predetermined fluorescent materials, 
and it is thereafter hardened. 
[0109] In this process, it is preferable to use a silicone 
resin having a pre-curing viscosity around 100cp 
through 1 0OOOcp because it can hold particles of the flu- 
orescent element uniformly dispersed without segrega- 
tion or segmentation. In this manner, light from the ex- 
cited fluorescent element is uniformly, adequately 
spread by a fluorescent element having a large refrac- 
tive index without being excessively spread or absorbed 
by other fluorescent elements. Therefore, light is uni- 
formly mixed, and tone irregularity can be prevented. 
[0110] The silicone resin used in the embodiment of 
the invention has a high bonding force to the resin por- 
tion 103 and a high strength to humidity, and it is unlikely 
to crack even under a temperature stress. Additionally, 
the silicone resin buried in the opening can greatly alle- 
viate the resin stress to the light emitting element 1 06 
and the Au wire even upon changes of the ambient tem- 
perature. 

[0111] The Inventors further developed researches 
from those viewpoints. As a result, it has been found 
that the use of "rubber-like" silicone resin having a high 
harness leads to an excellent result. Hardness of ordi- 
nary silicone resins ranges from 30 to 40 in JISA har- 
ness value that is the hardness of the JIS standard. 
These silicone resins exhibit gel-like physical proper- 
ties, and are physically soft. Those silicone resins are 
hereinbelow called "gel-like silicone resins. 
[01 12] In contrast, "rubber-like silicone resins" have a 
JISA hardness in the range of approximately 50 to 90. 
Epoxy resins widely used as the seating element mate- 
rials in conventional light emitting devices have a JISA 
hardness around 95. 

[0113] The Inventors compared and reviewed both 
"rubber-like silicone resins" and "gel-like silicone res- 
ins", and has got the following knowledge. 
[0114] (1) When gel-like silicone was used, the fluo- 
rescent element 110 spread in the resin during the sup- 
ply of a current, and there was observed changes, of 
tone. In case of a RGB tri-color mixture type, because 
of a large specific gravity of the red (R) fluorescent ele- 
ment, this fluorescent element migrated vertically down- 
ward, and an increase of the x value of the chromaticity 
coordinates was observed. 

[01 15] Fig. 6 is a graph that shows measured changes 
of chromaticity x with current-supply time. As shown 
there, in case a gel-like silicone resin is used as the ma- 
terial of the sealing element 111 , the chromaticity x be- 
gins to increase from near 1 00 hours of the current sup- 
ply time, and exhibits an accelerative increase beyond 
1000 hours. In contrast, in case a rubber-like silicone 
resin is used, no tone change was observed even after 
operation of 10000 hours under raised temperatures of 
the light emitting device due to the electric supply. It is 
presumed that the rubber-like silicone resin, hard and 



closely packed, was less likely to permit diffusion, of the 
fluorescent element. 

[0116] (2) Since gel-like silicone resins are soft, al- 
though the stress they give to the light emitting element 

s 106 and the wires 108, 109 is small, they are weak 
against the external force. That is, the light emitting de- 
vice as shown in Fig. 1 is used as a "surface-mounting 
type" lamp, for example, and mounted on a packaging 
substrate with an assembly apparatus. In this process, 

10 a vacuum collet of the assembly apparatus is often 
pressed against the surface of the sealing element 111 . 
In case a gel-like silicone resin having a JISA hardness 
in the range of 30 to 40 is used, the sealing element 1 1 1 
may be deformed by the pressing force from the vacuum 

15 collet, which in turn may deform the wires 108, 109 or 
give a stress to the light emitting element. 
[0117] In contrast, rubber-like silicone resins having 
a JISA hardness in the range of 50 to 90 are prevented 
from deformation by a selector or an assembler used for 

20 selecting or assembling light emitting devices. 

[0118] As explained in Paragraphs (1) and (2) above, 
the Inventors have confirmed that the use of a rubber- 
like silicone resin instead of a gel-like silicone resin can 
remarkably improve the emission characteristics, relia- 

25 bility, mechanical strength, and so forth. 

[0119] A technique for increasing the hardness of a 
silicone resin is to add an agent for giving a thixotropy 
index. 

[01 20] On the other hand, when a scattering agent is 
30 added together with the fluorescent element 1 1 0 to the 
silicone resin as the sealing element, it is possible to 
scatter and evenly deliver primary light from the light 
emitting element 1 06 to the fluorescent particles and to 
scatter the light from the fluorescent element 11 0 so as 
35 to realize a uniform mixture of colors. This contributes 
to realization of desired emission characteristics even 
with a less quantity of fluorescent element 110. 

(Placement of the Element in the Opening 105) 

40 

[0121] The light emitting device according to the em- 
bodiment of the invention uses a semiconductor light 
emitting element made of a nitride semiconductor hav- 
ing a short wavelength shorter than 400 nm. To ensure 

45 a sufficient reliability with the light emitting element, it is 
necessary to connect a protective Zener diode in paral- 
lel. Therefore, in the light emitting device according to 
the embodiment of the invention, it is important to effi- 
ciently place the light emitting element 1 06 and the pro- 

50 tective Zener diode in a limited space inside the opening 
105. 

[0122] Fig. 7 is a diagram that schematically illus- 
trates a planar configuration inside an opening of a light 
emitting device according to the embodiment of the in- 
55 vention. 

[0123] In the specific example shown in Fig. 7, an ap- 
proximately elliptical opening is formed in the resin stem 
1 00. On the bottom 1 05 of the opening, distal ends of a 
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pair of leads 1 01 , 1 02 are formed. Opposed end portions 
of the leads 101, 102 have formed slits 101G, 102G. 
The light emitting element 106 is mounted on an end 
portion 102B of the lead 102, and the Zener diode 150 
is mounted on and end portion of the lead 101 . That is, 
the light emitting element 106 and the Zener diode 150 
are mounted at diagonal positions. 
[0124] A wire 109B extending from the light emitting 
element 106 is connected to the lend 101B, and a wire 
1 09C is connected to the lead 1 02. A wire 1 09A extend- 
ing from the Zener diode 150 is connected to the lead 
1 02A. The other electrode of the Zener diode; is formed 
on the back surface of the diode and directly connected 
to the lead 101 A. 

[0125] In the layout pattern shown in Fig. 7 : the ap- 
proximately elliptical shape of the opening increases the 
opening area, thereby increases the space for accom- 
modating two elements 106, 150, and makes it possible 
to locate the light emitting element 1 06 as close as pos- 
sible to the center of the opening 105. 
[01 26] The elliptical opening also provides the space 
for bonding the wires. To connect the wires 109A 
through 109C to the leads 101, 102, the space for in- 
serting the collet of the bonding apparatus is necessary. 
The layout of Fig. 7 makes the space for inserting the 
bonding collet at each side of the light emitting element 
106 and the Zener diode 150 diagonally located. Fur- 
thermore, three wires are prevented from intersecting 
with each other. 

[0127] Moreover, the layout pattern shown in Fig. 7 
permits three wires 1 09A through 1 09C to extend along 
the outer circumference of the elliptical opening 105 to 
further alleviate the stress by the sealing element 111 . 
[01 28] Heretofore, the first embodiment of the inven- 
tion has been explained with reference to Figs. 1 
through 7. 

[0129] There follows an explanation of modifications 
of the invention. 

(Second Embodiment) 

[0130] Next explained is the second embodiment of 
the invention. 

[0131 ] Fig. 8 is a cross-sectional view that schemati- 
cally shows a configuration of the substantial part of a 
light emitting device according to the second embodi- 
ment of the invention. Among components shown here, 
the same or equivalent components as those already 
explained with reference to Figs. 1 through 7 are com- 
monly labeled, and their detailed explanation is omitted 
for simplicity. 

[0132] The light emitting device 1B shown here also 
includes a resin stem 100, semiconductor light emitting 
element 1 06 mounted thereon, and sealing element 1 1 1 
embedding the element 106. 

[0133] In this embodiment, however, the sealing ele- 
ment 1 1 1 containing the fluorescent element 1 1 0 merely 
embeds the light emitting element 106, and a second 



sealing element 213 of a transparent resin is provided 
outside the sealing element 111. 
[0134] The limitative use of the sealing element 111 
containing the fluorescent element only to enclose the 

5 light emitting element 1 06 mounted at the bottom of the 
opening 105 contributes to increasing the luminance of 
the secondary light. That is, because the size of the 
emission. portion for releasing the secondary light de- 
creases, the luminance increases, and the function of 

10 the reflective surface 104 to gather rays of light is en- 
hanced. 

[0135] Moreover, since the sealing element 111 con- 
taining the fluorescent element is formed small at the 
bottom portion surrounded by the side wall, external 
15 light is unlikely to intrude. Thereby, undesirable excita- 
tion of the fluorescent element by external light can be 
prevented. 

[01 36] Furthermore, the embodiment shown here can 
realize a reliable light emitting device free from break- 

20 age of wire by the resin stress because the sealing ele- 
ment 111 embeds the entirety of the Au wires 108, log. 
If the wires partly project into the second sealing ele- 
ment 213, they will readily break due to a stress pro- 
duced at the interface between the sealing elements 

25 111 f 213. In this embodiment, however, since the wires 
108, 109 are entirely embedded by the sealing element 
111 , they are free from breakage. 
[01 37] The second sealing element 21 3 is preferably 
made of an epoxy resin or a silicone resin to ensure 

30 close contact with the resin portion 1 03 and the scaling 
element 111 and to improve the moisture resistance. 
Even when an epoxy resin is used as the material of the 
second scaling element, change of color or deterioration 
thereof can be prevented provided substantially all of 

35 the primary light emitted from the light emitting element 
106 is converted to visible light by the sealing element 
111. 

(T;hird: Embodiment) 

40 

. [0138] Next explained is the third embodiment of the 
invention. 

[0139] Fig. 9 is a cross-sectional view that schemati- 
cally shows a configuration of the substantial part of a 

45 light emitting device according to the third embodiment 
of the invention. Here again, the same or equivalent 
components as those already explained with reference 
to Figs. 1 through 8 are commonly labeled, and their de- 
tailed explanation is omitted for simplicity. 

so [0140] The light emitting device 1C shown here also 
includes a resin stem 100, semiconductor light emitting 
element 1 06 mounted thereon, and sealing element 111 
embedding the element 106. 

[0141] Similarly to the second embodiment, the seal- 
55 ing element 1 1 1 containing the fluorescent element 1 1 0 
merely embeds the light emitting element 106. In this 
embodiment, however, the space outside the sealing el- 
ement 1 1 1 remains open : without being filled by any oth- 
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er sealing element. 

[0142] Here again, the limitative use of the sealing el- 
ement 1 1 1 containing the fluorescent element only to en- 
close the light emitting element 1 06 mounted at the bot- 
tom of the opening 105 contributes to increasing the lu- 
minance of the secondary light. That is, because the 
size of the emission portion for releasing the secondary 
light decreases, the luminance increases, and the func- 
tion of the reflective surface 104 to gather rays of light 
is enhanced. 

[0143] Especially, in the instant embodiment, since 
the approximately hemispheric sealing element 111 
serves as the emission point, and the reflective surface 
104 surrounds it, the same optically converging effect 
as a conventional lamp can be obtained. 
[0144] Furthermore, similarly to the second embodi- 
ment, external light is unlikely to intrude. Thereby, un- 
desirable excitation of the fluorescent element by exter- 
nal light can be prevented. 

[0145] Furthermore, since the sealing element 111 
embeds the entirety of the Au wires 1 08, 1 09, it prevents 
breakage of wire by a resin stress, and ensures a high 
reliability. 

(Fourth Embodiment) 

[01 46] Next explained is the fourth embodiment of the 
invention. 

[01 47] Fig. 1 0 is a cross-sectional view that schemat- 
ically shows a configuration of the substantial part of a 
light emitting device according to the fourth embodiment 
of the invention. Here again, the same or equivalent 
components as those already explained with reference 
to Figs. 1 through 9 are commonly labeled, and their de- 
tailed explanation is omitted for simplicity. 
[0148] Similarly to the first embodiment, the light emit- 
ting device ID shown here also includes a resin stem 
1 00, semiconductor light emitting element 1 06 mounted 
thereon, and sealing element 111 embedding the ele- 
ment 106. 

[0149] The embodiment shown here includes a con- 
vex transparent element 413 is provided on the sealing 
element 111 to ensure the function of gathering rays of 
light. The transparent element 413 may be made of a 
resin, for example. Especially, an epoxy resin or a sili- 
cone resin is advantageous for decreasing the differ- 
ence of the refractive index from the sealing element 1 1 1 
and to reduce the loss by reflection at the interface with 
the sealing element 111 . 

[01 50] The convex shape of the transparent element 
413 is not limited to a spherical shape. Any appropriate 
shape can be selected depending on the required con- 
verging ratio or luminous intensity profile. 

(Fifth Embodiment) 

[0151] Next explained is, the fifth embodiment of the 
invention. 



[01 52] Fig. 11 is a cross-sectional view that schemat- 
ically shows a configuration of the substantial part of a 
light emitting device according to the fifth embodiment 
of the invention. Here again, the same or equivalent 

5 components as those already explained with reference 
to Figs. 1 through 10 are commonly labeled, and their 
detailed explanation is omitted for simplicity. 
[0153] Similarly to the first embodiment, the light emit- 
ting device 1 E shown here also includes a resin stem 

10 1 00, semiconductor light emitting element 1 06 mounted 
thereon, and sealing element 111 embedding the ele- 
ment 106. 

[0154] In the instant embodiment, however, the resin 
portion 103 has no side wall around the sealing element 

15 111 such that the secondary light from the fluorescent 
element 11 0 both upwardly and laterally to realize a wide 
luminous intensity profile. This is suitable for applica- 
tions expected to provide a wide field of view or a wide 
field of emission. 

20 [0155] Shapes of the sealing element and the resin 
stem 100 are not limited to those illustrated. For exam- 
ple, the sealing element may be hemispherical as 
shown in Fig. 12, and the resin stem 100 may have a 
resin portion 103 configured to bury the leads 1 01 , 102 

25 and surround the element with a low side wall. 

(Sixth Embodiment) 

[0156] Next explained is the sixth embodiment of the 

30 invention. 

[01 57] Fig. 1 3 is a cross-sectional view that schemat- 
ically shows a configuration of the substantial part of a 
light emitting device according to the sixth embodiment 
of the invention. Here again, the same or equivalent 

35 components as those already explained with reference 
to Figs. 1 through 12 are commonly labeled, and their 
detailed explanation is omitted for simplicity. 
[0158] The light emitting device 1 F shown here also 
includes a pair of leads 1 01 , 1 02. However, the first lead 

40 1 01 has formed a cup portion 601 at the distal end, and 
the light emitting element 1 06 is mounted at the bottom 
of the cup portion 601 . Then the wires 1 08, 1 09 extend- 
ing from the light emitting element 1 06 are connected to 
the leads 101, 102, respectively. The sealing element 

45 m containing the fluorescent element 110 is formed to 
embed these components. 

[0159] The inner side wall surface of the cup portion 
601 serves as the reflective surface to reflect the primary 
light from the light emitting element 106 upwardly. In re- 
50 ceipt of the primary light, the fluorescent element 110 
releases secondary light of predetermined wave- 
lengths. 

[0160] The light emitting device shown here replaces 
conventional lamp-type semiconductor devices, and is 
55 operative as a general-purpose light emitting device 
having 'a relatively wide field of emission. 
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(Seventh Embodiment) 

[0161] Next explained is the seventh embodiment of 
the invention. 

[01 62] Fig. 1 4 is a cross-sectional view that schemat- 
ically shows a configuration of the substantial part of a 
light emitting device according to the seventh embodi- 
ment of the invention. Here again, the same or equiva- 
lent components as those already explained with refer- 
ence to Figs. 1 through 13 are commonly labeled, and 
their detailed explanation is omitted for simplicity. 
[0163] The light emitting device 1G shown here has 
a structure similar to the light emitting device 1 F accord- 
ing to the sixth embodiment. The light emitting device 
1G also has a cup portion 601 at the distal end of the 
first lead 101, and the light emitting element 106 is 
mounted at the bottom thereof. Then the wires 108, 1 09 
from the light emitting element 106 are connected to the 
leads 101, 102, respectively. The sealing element 111 
containing the fluorescent element 110 is provided to 
embed those components. 

[0164] In the instant embodiment, however, the seal- 
ing element 111 is small-sized, and a transparent ele- 
ment 71 3 is provided to enclose the sealing element 111. 
[0165] The small-sized sealing element 111 contain- 
ing the fluorescent element 110 diminishes the emission 
portion and increases the luminance. The top surface of 
the transparent element 71 3 functions as a lens to gath- 
er rays of light, and makes it possible to extract con- 
verged light as well. 

[0166] The transparent element 713 enclosing the 
sealing element 111 isolates the fluorescent element 
110 from the outside atmosphere and improves its du- 
rability against moisture and corrosive atmosphere. The 
transparent element may be made of a resin. Especially, 
an epoxy resin or silicone resin is advantageous for 
close contact with the seating element 111 to enhance 
the resistance to whether and the mechanical strength. 
[0167] The embodiment shown here is not limited to 
the illustrated example. For example, as shown in Fig. 
15, the sealing element 111 containing the fluorescent 
element 1 1 0 may be limited only on the cup portion 601 
to reduce the size of the emission portion and thereby 
increase the luminance. In this case, the wire 109 will 
extend beyond the boundary between the sealing ele- 
ment 111 and the transparent element 713. However, if 
the sealing element 111 and the transparent element 
713 are made of similar materials, the stress at the 
boundary will be minimized and will prevent breakage 
of wire. 

[0168] Heretofore, various embodiments of the inven- 
tion have been explained with reference to specific ex- 
amples. The invention, however, is not limited to those 
examples. Rather, the invention should be construed to 
include various changes and modifications an ordinary 
skilled person can make regarding, for example, the ma- 
terials of the fluorescent elements, structures and ma- 
terials of the light emitting element, shapes of the leads 



and the sealing element 111, dimensional relations 
among components, and so on. 
[0169] While the present invention has been dis- 
closed in terms of the embodiment in order to facilitate 

5 better understanding thereof, it should be appreciated 
that the invention can be embodied in various ways with- 
out departing from the principle of the invention. There- 
fore, the invention should be understood to include all 
possible embodiments and modification to the shown 

10 embodiments which can be embodied without departing 
from the principle of the invention as set forth in the ap- 
pended claims. 



1 . A light emitting device comprising: 

a light emitting element which, emits primary 

20 light; 

a silicone resin provided to embed said light 
emitting element and having a hardness in the 
range of 50 to 90 in JISA value; and 
a fluorescent element contained in said silicone 

25 resin to absorb said primary light and release 

visible light. 

2. A light emitting device according to claim 1 , wherein 
said primary light emitted from said light emitting el- 

30 ement has an intensity peak at a wavelength shorter 
than 400 nm. 

3. A light emitting device according to claim 1 , wherein 
said fluorescent element includes a first fluorescent 

35 material which absorbs said primary light and re- 
leases first visible light, and a second fluorescent 
material which absorbs said primary light and re- 
leases second visible light different in wavelength 
;.c-vf rom said first visible light. 

40 * v •' 

4. A light emitting device according to claim 3, wherein 
said first visible light and said second visible light 
are chromatically complementary. 

45 5. A light emitting device according to claim 1 ; wherein 
said fluorescent element includes a first fluorescent 
material which absorbs said primary light and re- 
leases red light, a second fluorescent material 
which absorbs said primary light and releases 

so green light, and a third fluorescent material which 
absorbs said primary light and releases blue light, 
said fluorescent element providing white light by 
mixture of said red light, green light and blue light. 

55 6. A light emitting device according to claim 1 further 
comprising a wire connected to said light emitting 
element, 

said silicone resin, being provided to embed 
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said wire. 

A light emitting device according to claim 1 further 
comprising a resin portion having an opening, 

said light emitting element being disposed at 5 
a bottom of said opening : and 

said silicone resin being provided to fill said 
opening. 
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